The National Fire Protection Association regulates electrical codes in health care facilities. Because the discontinuation of flammable anesthetic use, isolated power systems (IPSs) have not been required in dry locations. The National Fire Protection Association delegates responsibility of designating dry and wet locations to health care facilities. Our hospital has designated our operating rooms as dry locations, and they have neither IPSs nor ground fault circuit interrupters. We describe a macroshock electrical injury to a nurse when she plugged in equipment to an extension cord. Designating the operating room as a wet location and installing an IPS would have prevented her injury.
The National Fire Protection Association regulates electrical codes in health care facilities. Because the discontinuation of flammable anesthetic use, isolated power systems (IPSs) have not been required in dry locations. The National Fire Protection Association delegates responsibility of designating dry and wet locations to health care facilities. Our hospital has designated our operating rooms as dry locations, and they have neither IPSs nor ground fault circuit interrupters. We describe a macroshock electrical injury to a nurse when she plugged in equipment to an extension cord. Designating the operating room as a wet location and installing an IPS would have prevented her injury. (Anesth Analg 2010;110:1647-9) E lectrical safety standards in operating rooms (ORs) have evolved over the last 50 yr because of changing anesthetics and design codes. With the replacement of flammable and explosive anesthetics, such as ether and cyclopropane by nonflammable volatile anesthetics, many ORs are no longer built with isolated power systems (IPSs). National Fire Protection Association (NFPA), 1 which regulates electrical codes in the ORs, allows health care facilities to designate which areas are wet locations. Many facilities have designated ORs to be dry locations and have decided not to install either IPS or ground fault circuit interrupters (GFCIs) in remodeled or newly constructed ORs. In our hospital, the ORs have been designated as dry locations and do not have IPSs or GFCIs. We report a case of a nurse sustaining a serious macroshock electrical injury in an OR with a wet floor despite our facility adhering to prevailing national electrical codes (NECs) for ORs.
CASE DESCRIPTION
We report an electrical injury to an OR nurse during a cystoscopy for a ureteral stent placement. The nurse was asked to plug in an argon beam coagulation unit that was turned off. The OR had four 20-ampere (amp) electrical receptacles, one of which had connected to it a 20 amp extension cord with a four-receptacle 20 amp metal junction box. The junction box had a rubber and plastic casing with screws holding the four outlet receptacles, two each on opposite sides, and the extension cord was composed of three 12-gauge wires. The OR was not equipped with an IPS or GFCIs. The nurse proceeded to kneel on the floor and hold the junction box with her left hand while she inserted the plug into the 4-plug junction box with her right hand. A Neptune Stryker suction unit was connected to the junction box and was operational. Both the argon beam coagulation unit and the Neptune Stryker suction units had four low-conductivity rubber wheels and were grounded through their three-pronged power plugs. The room had been terminally cleaned by throwing buckets of water on the floor before the case. There was normal saline on the floor from the cystoscopy irrigation fluid. The staff in the room saw an arc of electricity from the extension cord junction box that traveled in front of the right side of the nurse's face. The nurse reported receiving an electric shock that radiated up her arm into her jaw, and then she fell backward onto the floor. A staff member entered the room about 30 s after the incident and found that the extension cord was still hot to touch. After the incident, the nurse suffered from hearing loss and vertigo. She was referred to Employee Health for medical evaluation and was found to have a ruptured right tympanic membrane. She was absent for 2 wk on sick leave due to symptomatic vertigo.
The Biomedical Engineering Department personnel were informed of the injury and subsequently investigated the accident and evaluated electrical safety in the OR. The circuit breaker was checked and found not to have tripped after the accident. The OR was not equipped with an IPS or GFCIs. Both machines and the extension cord with the junction box were checked for safety and no electrical malfunction was found in the equipment or in the OR receptacles. Although the OR was 40-yr old, biomedical engineering staff stated that electrical circuitry was currently compliant with NFPA codes.
DISCUSSION
There has been an evolution in NFPA health care facility electrical codes over the last 30 yr. In 1975, the NFPA added NEC article 517-52(b) that stated "receptacles supplying locations which are commonly subject to wet conditions, shall be provided with GFCIs if power interruption under fault conditions can be tolerated, or IPS if interruption of power cannot be tolerated." 2 In 1987, the NEC discontinued the requirement for IPSs and GFCIs in ORs, where flammable anesthetics were not being used and required them in only "wet locations." In 1990, the NFPA definition of a wet location was "patient care areas that are normally subject to wet conditions when patients are present. These include standing fluids on the floor or drenching of the work area, either of which are intimate to the patient or staff." 3 Routine housekeeping procedures and incidental spillage of liquids do not define a wet location. 4 OR electrical standards have been subject to organizational, state, national, and country-specific regulations. The Department of Defense defined wet areas as those used for cystoscopy, athroscopy, and birthing rooms in labor and delivery 5 until May 2007, when the Department of Defense stated that "operating rooms, delivery rooms, cystoscopy rooms, oral surgery, cardiac catheterization rooms, and other such rooms were not wet areas." 6 The state of North Carolina requires IPS in ORs and intensive care units. The American Society of Anesthesiologists does not have OR electrical safety standards except for Guidelines for Nonoperating Room Anesthetizing Locations, which states that "in any anesthetizing location determined by the health care facility to be a 'wet location' (e.g., for cystoscopy, arthroscopy, or birthing room in labor and delivery), either isolated power or electric circuits with ground fault circuit interrupters should be provided." The Centers for Medicare and Medicaid Services, the Health Care Financing Administration, and The Joint Commission (TJC) do not address the issue. Other countries, such as Australia, New Zealand, and Great Britain do not designate whether ORs are wet locations but require IPSs in ORs.
Our hospital had complied with TJC standard EC 6.10 EP 1 (Medical Equipment Management Plan) 7 and had written a hospital policy for extension cords. However, extension cords were permanently used in the ORs and routinely lay on the floor. The hospital had complied with NFPA (NFPA 99 2005 edition) standard 3.3.185 regarding designation of wet locations. The ORs were defined as being dry locations by the hospital Safety Committee. Consequently, no GFCIs or IPSs were required according to the NFPA 99 standards.
Vernon, a Kaiser Permanente Healthcare biomedical engineer, is quoted as citing an unpublished Kaiser study to justify not installing IPS in ORs (www.24x7mag.com/issues/articles/2007-12_03.asp). In 2000, about half of Kaiser hospitals with ORs used IPSs and half used conventional grounded systems. Each of these facilities treated thousands of patients annually. Kaiser believed that a comparison of the safety experienced by one group of ORs could be made against the other group of ORs. Kaiser thus proceeded to assess the relative safety of the two different systems by reviewing its own safety records, its own legal records, and its own risk management records. None of these produced unusual findings that might suggest an unusual safety problem in any OR or group of ORs. However, the study design, statistics, and methodology of the data collection are unknown, and thus, it is impossible to know the validity of these findings.
The definitive cause for the macroshock electrical injury was not determined, but we believe that the electrical injury was sustained as described later. Water used for the terminal cleaning or normal saline irrigation fluid coated the junction box casing and entered the outlet receptacle. A direct short between the terminals occurred when the plug entered the junction box. An electrical current arced in front of the nurse's right side of face to her ear and simultaneously traveled up her right arm and returned down her left arm to ground on the junction box casing screws. The extension cord was inspected by the Biomedical Engineering Department, who did not report water in the junction box or any other abnormality, but we believe that water in the outlet receptacle vaporized during the direct short.
Prevention of the electrical injury could have been enhanced by several factors. First, installation of an IPS in the OR may have prevented the electrical injury. Second, GFCIs could have been installed at each outlet. The objection to using GFCIs is that critical equipment will be unavailable for use if there is a trip of the GFCI. Third, elevation of the extension cord and junction box above the floor or having an electrical outlet boom would have minimized the risk of conductive fluid exposure to the junction box casing. The failure of the circuit breaker was problematic but, with age, circuit breakers become unreliable.
The designation of ORs as dry locations seems illogical to the minds of many anesthesiologists. Blood spillage onto the floor occurs in many major surgeries, including trauma surgeries and cesarean deliveries. Irrigation fluid spillage onto the OR floor during arthroscopies and cystoscopies frequently occurs. It appears incongruous that GFCIs are required in home bathrooms and kitchens, but IPSs or GFCIs are not required in ORs. The NFPA standards were reviewed in January 2008, and it was proposed that all ORs be designated as "wet locations." At their July 2008 meeting, the American Society of Healthcare Engineers voted to oppose this proposed change. There was a public comment period ending August 28, 2008, and it is not yet known whether the designation of ORs as wet locations will be incorporated into revised NFPA 99 2010 code.
In conclusion, we have described a macroshock electrical injury to an OR nurse during a cystoscopy procedure that occurred despite our health care facility complying with NFPA electrical codes and TJC standards. We are concerned about current standards, because our OR is designated as a dry location and consequently does not require either IPS or GFCIs. A number of factors contributed to the injury, including exposure of terminal cleaning water to the electrical junction box lying on the floor, presence of irrigation fluid on the floor, and lack of IPS or GFCIs. Electrical receptacles of extension cords should be kept above floor level to prevent fluid entering them. We, as many before us, 8 -13 believe that it is imperative for patient and staff safety that ORs be designated as wet locations.
